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The quality of electrical energy and the fight against energy losses are a crucial issue for
electricity companies. The use of high voltage lines can limit energy losses for the
transmission of electricity over long distances. But this solution has the disadvantage of
the propagation of the electromagnetic wave which has a great influence on human
health. The work presented in this study mainly deals with modelling problems that may
be encountered by the community working in the field of low frequency electromagnetic
fields. In order to model a power line, we are based on geometric data as well as phase
and earth conductor data.

1. INTRODUCTION

The electric power transmitted on an overhead line
increases approximately with the surge impedance loading or
the square of the system’s operating voltage. The rapidly
increasing transmission voltage level in recent decades is a
result of the growing demand for electrical energy. However,
environmental concerns have imposed limitations on system
expansion resulting in the need to better utilize existing
transmission systems.

High voltages are even more extensively used in applied
physics (accelerators, electron microscopy, etc.), electro-
medical equipment (X-rays), industrial applications
(precipitation and filtering of exhaust gases in thermal power
stations and the cement industry; electrostatic painting and
powder coating, etc.), or communications electronics (TV,
broadcasting stations). Therefore, the requirements on
voltage shape, voltage level, and current rating, short- or
long-term stability for every HVDC generating system may
differ strongly from each other. With the knowledge of the
fundamental generating principles, it will be possible,
however, to select proper circuits for a special application.
The most important applications of high voltage technology
are in the field of equipment and systems for the transmission
and distribution of electrical energy [1-3].

A pair of overhead transmission lines generates magnetic
field intensity in space. A growing concern in society is the
effect these magnetic (and electric) fields have on living
organisms. In particular, some studies have implicated high
magnetic fields due to overhead transmission lines with
higher-than-average cancer rates for those exposed. Most of
these studies suggest, without being conclusive, that low-
frequency fields, such as those produced by AC distribution
lines, are at fault. As power requirements grow, there is an
increasing need to use higher voltages on transmission lines.
Power distributions above 1 MV already exist. What are the
magnetic field intensities we can expect at ground levels?
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Typically, the distance between lines is a few meters to
prevent the lines from touching during storms, and the lines
may be as high as 20-25 m. This produces magnetic field
intensities at ground level that may exceed 5 A/m.

The first effect to notice is that there is a force between the
two magnets. The magnets either attract or repel each other.
Since attraction happens at a distance, each magnet must
have a domain in which it attracts the other magnet. This is
exactly what we called a field. That the field is a vector field
we can establish using a compass as a measuring device. The
direction of the force is established by the direction of the
compass needle in space. Placing the compass at as many
positions as we wish, a complete map of the vector field is
established. This simple measurement establishes the
following [4]:

(1) A field exists throughout space.

(2) The field is stronger and closer to the magnet.

(3) The two ends of the magnet behave differently; one
attracts the north pole of the compass and is labelled the
South Pole; the other attracts the south pole of the compass
and is labeled the north pole of the magnet. This arbitrary
identification is convenient because of its relation with the
Earth’s magnetic field.

(4) By placing the compass at different locations in space,
we can map the magnetic field.

Therefore, calculation of the magnetic field distribution
underneath overhead transmission lines is of great
importance and should be elaborated. The magnetic field
impact on environment and interaction with human beings
are also of great interest.

Consequently, a precise calculation of the magnetic field
underneath overhead transmission lines is an important task
in transmission line design. Quantitative description of the
magnetic field around overhead transmission lines has been
presented in many papers [3-5] The magnetic field effect on
transmission lines maintenance crew is an important issue
that the electric utilities are most often required paying
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attention to the potential health hazards [4].

Since the early 1970s, the risks of electromagnetic fields
associated with 50 Hz (60 Hz) generated by high voltage
lines have been widely addressed by the scientific
community to the World Health Organization [5-12].

The objective of this work is to reduce the impact of high
voltage lines on health. We try to protect our health against
the undesirable effects of the electromagnetic field induced
by very high voltage lines. In addition, this type of energy
transport creates problems that require the installation of
huge compensation devices to ensure the stability of the
electricity grid.

So, our contribution is to quantify the exposure to currents
of power transmission lines of the population far and near
high voltage power lines. It was necessary to research and
demonstrate the impact of high tensions on the human body.

2. MATHEMATICAL MODELLING
2.1 The geometric model used

The real model of the high voltage line is shown in Figure
1. The dimensions of the real model data are very useful for
numerical simulation. We note that whatever the model used
in electromagnetic, depends on the geometric parameters of
the system.

Figure 1. Real model of the 400 KV line

The simplified model of the system to be studied is
represented in Figure 2. It is a partial representation of an
existing system in order to test and validate certain aspects
and / or the functional behaviour or simply informative of an
implementation or of a project:

v Representation can be real at a given scale;
v' The representation can be virtual: digital graphic model in
two dimensions or in perspective.

Figure 2. The model simplifies of 400 kV high voltage line

2.2 Usual data used in simulation

Number of phases: 3;

Number of conductors for each phase: 2;

Transmitted power: Pn = 1200 MW;

Resistance r = 0.08 Q/km;

Inductance: L = 0.4 mH/km;

Capacitance: C = 10 F/km;

Nominal current: In = 322 A;

Maximum voltage of each phase: Umax = 400 kV;

Maximum current for each phase and for each conductor:
Imax = 1 KA,

Properties of the conductor used:

Maximum length of conductors in each phase: LI = 350
km;

Type: ACSR _ Aluminum Conductor, Steel Reinforced

Section: S = 350 mm=

Volumic mass: p= 2.6 kg/dm?;

Electrical resistivity: 1, = 36,232 Q. mm?*km for 90°C;

Thermal conductivity: A= 204 W/(m.K);

Specific heat capacity: Ca = 0,879 kJ/(kg.K);

Coefficient of expansion: o = 23,8.10° K-!;

Melting temperature: Tr= 658°C.

2.3 Magnetic field in the vicinity of the ground for a single
conductor

Ampere’s Law is similar to Gauss’ Law, as it allows us to
determine the magnetic field that is produced by an electric
current in configurations that have a high degree of symmetry.
The first fundamental law of magneto statics gives us
according to the Ampere’s Law [13, 14]:

Hdi=1
fHdl= 10, 1)

where, the integral on the left is a “path integral”, similar to
how we calculate the work done by a force over a particular
path (Figure 3). The circle sign on the integral means that this
is an integral over a “closed” path; a path where the starting
and ending points are the same. /o, is the net current that
crosses the surface that is defined by the closed path, often
called the “current enclosed” by the path, H is the magnetic
field and d! the elementary element of length L.

We will apply the Ampere’s Law in the case of the long
and rectilinear wire traversed by a given current 1. Consider a
contour circle (c), in a plane perpendicular to the axis of the
conductor, centered on this one (Figure 3).

Figure 3. Circulation of a magnetic field along a closed
curve



For reasons of symmetry, the magnetic field H is constant
throughout the circle. If the radius of the latter is r, the
magnetic field will be given by:

H=— 2
o 2
The magnetic induction is given by:
- -
B=uH 3)

where, x is the magnetic permeability.

For our case and for any triangle (Figure 4), we can write
the distribution in terms of magnetic field as a function only
of the variables x and y [15]:
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Figure 4. Configuration of a single conductor
2.3 Magnetic field for a single conductor

The magnetic field varies with the current flowing in the
line. It is also a function of the geometry of the conductors
and the current flowing in all the nearby conductors. The
alignment of these generates a stronger magnetic field than
triangle/clover geometry [16]. We consider a three-phase
high-voltage overhead power line having the arrangement
and geometric coordinates, related to the suspension pylon
whose phase position is in a conductor layer (Figure 5).
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Figure 5. Diagram used to calculate the magnetic field of a
three-phase for 400 KV
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We try to determine the distribution of the magnetic field
(or magnetic induction) in the vicinity of the ground. The
magnetic induction created by the three phases is written
according to the Biot — Savart law:

o] o
where,

ta = (x— x4 2 +(y =y, )2 ©

rs = (x x5 )2 + (Y- yg ) @)

re =+J(x—xc ) +(y—yo ) ®

For complex values of currents and magnetic fields, we
can write the magnetic induction for three phases in the
following form:

(€))

The vertical and horizontal components for each phase of
the magnetic induction field are then expressed by the
following relationships:

{Bxi =B, cos(;)
(10)

Byi = Bi Sin(ai)

where, a1, a, o3 represent the angles that form the
conductors with the axis of the pylon.

The vertical and horizontal components for the 3 phases of
the magnetic induction field are then expressed by the
following relationships:

wE

The value of the total vector-field is given by the following

relation:
By =,BS + B}

2.4 Magnetic induction for a three-phase system

an

(12)

The geometric criteria imposed by the nature of the site are
very important for the design of overhead power lines, as
they relate to the safety of humans and the proper functioning
of the equipment [16, 17]. The variation of the conductor /
earth distance leads to the variation of the magnetic field
between the pylons (Figure 6).

The calculation of the mechanical stresses (spans,
maximum deflection, height of the conductor, etc.) of the line
depends on several factors, climatic and atmospheric. The
vertical distance between the curve and the chord is called
arrow.
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Figure 6. Example used for the calculation the critical
magnetic field (h = 15 m)

The y-coordinate of the conductor curve presents the
conductor height related to the x-axis, but its x-coordinate
presents a horizontal distance from the left-hand side support.

In addition, this approach will help to recognize some
mathematical similarities and differences easily between the
catenary and parabola.

There is a basic condition in connection with the definition
of the catenary, which says that constant should be positive
(C>0).

The catenary curve yc shown in Figure 6, has the
following equation [18]:

y* =C.Ch(%) ;Xe]—oo, +oo[

Conductor attached on two sides, in this case on
transmission towers, will form curve in shape of a catenary.
It can be considered as symmetric, if conductors are at their
ends in the same height above a flat surface [19].

(13)

3. RESULTS AND DISCUSSION

The transit of electricity through lines
accompanied by the presence of:
(1) An electric field which is linked to:

is always

The voltage.

Proximity to other phases, earth cables, earth or
any nearby object.

Line configuration (90 kV, 225 kV, 400 kV, 750
kV, ...).

(2) A magnetic field which is related to:
v" The value of the current flowing in the conductors.
v" Line configuration.

For this work, we will concede the balanced three-phase
system. Calculation using symmetrical components is
particularly useful when a three-phase network is unbalanced.
The system is said to be balanced when: V1=V,=V3=V.

A three-phase voltage system is a set of three alternating
voltages, of the same effective value, offset from one another
by 120<

vy (t) = Veff ~/2.cos(at)
v2(t)=Veff 2. cos(a;t _ 2?”)
va(t)=v eff \/Ecos(wt - 4?”)

(14)

The voltage variations for the three phases are shown in
the following Figure 7:

The precise knowledge of the transit intensity eliminates
the need to systematically measure the magnetic field in
many places, since the calculation gives fairly precise results
of the magnetic field as a function of distance. It is possible
to represent the currents in the following form (The three-
phase equilibrium current system):

i A= Imsinat
iB = I msin(at —120°)
ic = I msin(et +120°)

(15)

The variations of the currents for the three phases are
shown in Figure 8. Note that our system is balanced.
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Figure 7. Voltage variation as a function of time
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Figure 8. Current variation as a function of time

To determine the variations in voltage and current along
the transmission line, we use the solution of the partial
differential equations system which defines the regime of the
line as a function of its linear constants [20]:

[%}:[zlm

R “6)

where,
[z]=[R]+ je[L]: Longitudinal impedance matrix;
[Y]=[G]+ jo[C]: Transverse admittance matrix;

[R], [L]and[C]; Resistance, Inductance and Capacitance
matrices.

The simplified solution of the differential system (16) is

given by:
V(o] | Coshe) = ZosinhGx) |y g
{I(x)}_ Z—sinh(7X) cosh(yx) .L(OJ (17)

0

where, V(0) is the input voltage and 1(0) is the input current
of the line.

7=+ (R+ jLo)G + jCw) (18)
_ |R+jLo o
VG +jCw (19)

The variations of the magnetic induction in the vicinity of
the ground (y = 1 m) for a single phase are represented in
Figure 9.

The single-phase line is first introduced to explain the
theory. An additional complexity arises in the case of poly-
phases lines and this is why their study is treated in the
following part.
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The variations in magnetic induction near the ground (y =
1 m) for the three phases are shown in Figure 10.

The main 50 Hz field sources are electrical installations:
transmission and distribution lines, transformers, household
electrical cables, anti-theft systems, household appliances
(televisions, toasters, razors, ...), lighting equipment and, in
general, any device producing or using electricity (car
alternator, DIY devices such as drills, photocopiers, ...).

The magnetic field produced by an electric line is extended
to infinity. But it has significant values in the vicinity of the
line. The field domain must be finite for numerical analysis.
Therefore, limitation of the domain by a finite boundary is
necessary. For this study, we limited the working interval
from -50 m to + 50 m. We note that the maximum value of
the magnetic induction is on the axis of the suspension pylon
taken as the reference axis.

Electric and magnetic fields generated by high voltage
transmission lines interact with the environment. These
calculations of the magnetic field are very useful for the
analysis and determination of certain parameters of the power
line.

An electrical transmission line with ground cables
represents a system of conductors subjected to a symmetrical
three-phase system of sinusoidal electrical voltages. It
behaves like a source of low frequency electromagnetic field
(50 Hz).

The maximum magnetic induction variations near the
ground (y = 1 m) for the three phases are shown in Figure 11.
We notice that it has significant values that present a great
danger to humanity that are found near this place.

We also find that the magnetic field has a maximum value
for a minimum phase / earth distance. Therefore, it can be
concluded that Electromagnetic disturbances due to high
voltages become a constraint which the design and layout of
transmission lines must take into account.

Following the publication by Wertheimer and Leeper [17],
the value of 0.2 uT implicitly appeared as a reference
threshold which, if exceeded, could expose to a risk. Then,
there was the emergence of the value of 0.4 uT following the
joint analyzes of several studies seen previously. On the basis
of epidemiological studies, the exposure indicator used was
the geometric mean for 24 hours.
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Figure 11. Variation of the magnetic field at the critical point

4. CONCLUSIONS

This paper has helped to better understand the danger of
high voltage lines on humanity. The results clearly show that
the phenomenon of the propagation of the magnetic field is
significantly influenced by the geometry of the lines, the
applied voltage and the electric current. A new approach to
the problem of high voltage lines systems has been described
and discussed.

Since the magnetic field is independent of voltage, binding
at a higher voltage does not necessarily produce a stronger
magnetic field. However, in practice, the highest magnetic
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fields will be measured near 400 kV lines. Indeed, the higher
the voltage level, the higher the transport capacity and
therefore the current flowing there.

We note that research carried out for more than 30 years
has not been able to formally demonstrate a health risk in the
event of exposure to very low frequency electromagnetic
fields. They also failed to rule him out, which heightens
concern and confusion among the population. As a result,
many researchers are still examining the question of the
magnetic effect on health, both in the short term and in the
long term.
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